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(54) INTERFERENCE-FREE RADIO COMMUNICATION SYSTEM 



(57) A base station 422 of a second system per- 
forms communication using a frequency adjacent to a 
frequency employed by communication between a base 
station 412 and a mobile station 414 of a first system. 
When the mobile station 41 4 is close to the base station 
422, the communication of the base station 422 under- 



420 



goes interference by the leakage power of the mobile 
station 414. To avoid the interference, the transmission 
is halted of the mobile station 414 of the first system, 
which provides the interference by the leakage power. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to an inter-radio communications system interference avoidance method appli- 
cable to the case where a plurality of radio communications systems using different frequencies are installed in the 
same area. 

BACKGROUND ART 

[0002] When a plurality of radio communications systems are installed in the same area, the frequencies assigned 
to them must be divided to avoid interference between their radio signals. On the other hand, transmitters for performing 
radio communications cannot perfectly prevent transmitted signals from leaking to the outside of their frequencies, 
thereby producing leakage power to the frequencies outside their own. This is illustrated in Fig. 1 . As is seen from Fig. 
1 , although the leakage power is much smaller than the total transmission power, it can provide very large interference 
to adjacent frequencies depending on the locations of base stations and mobile stations. This will be described with ref- 
erence to Fig. 2. 

[0003] In Fig. 2, a first radio communications system 110 and a second radio communications system 120 are 
installed in the same area, and employ adjacent frequencies. A mobile station 1 14 belonging to the first radio commu- 
nications system 1 10 is very close to a base station 122 of the second radio communications system, and transmits to 
a base station 1 1 2 of the first radio communications system 1 1 0 which is farther away from it than from the base station 
122 of the second radio communications system 120. The mobile station 1 1 4 cannot change its belonging from the first 
radio communications system 1 10 to the second radio communications system 120 during its communication. 
[0004] In this case, the leakage power even from the adjacent frequency brings about very large interference to the 
base station 122 of the second radio communications system 120. Because of the interference, the base station 122 of 
the second radio communications system 120 may be unable to receive transmitted data from a mobile station 124 of 
the second radio communications system 120. 

[0005] In view of this, the conventional radio communications system assigns an unassigned frequency band called 
a guard band between the frequency bands employed by the two radio communications systems as illustrated in Fig. 
3, thereby preventing the interference from taking place even in the case as shown in Fig. 2. 

[0006] However, frequency resources are limited, and the guard band has a disadvantage of decreasing the fre- 
quency utility efficiency. In particular, in broadband radio communications systems such as a CDMA (Code Division 
Multiple Access) system, the guard bands required become broad, resulting in marked reduction in the frequency utility 
efficiency. On the contrary, eliminating the guard band will reduce the capacity in terms of the number of subscribers 
because of the interference. 

DISCLOSURE OF THE INVENTION 

[0007] An object of the present invention is to avoid the inter-radio communications system interference by halting 
the transmission of a mobile station causing the inter-radio communications system interference rather than by assign- 
ing the guard bands. 

[0008] To accomplish the object of the present invention, there is provided an entire radio communications system 
containing at least two radio communications systems in one geographical area, each radio communication system 
including at least one base station and at least one mobile station, and uses different frequencies, in which a mobile 
station belongs to one of the radio communications systems in a communication mode, and cannot change that radio 
communications system during the communication mode, wherein the base station comprises means for intentionally 
transmitting an interfering signal at a frequency different from a frequency assigned to the base station; and the mobile 
station comprises means for monitoring received signal quality of a downlink channel, and means for hatting its trans- 
mission when the received signal quality monitored drops below an acceptable level. 

[0009] Such a configuration makes effective use of the frequencies possible because the interference between the 
systems is avoidable without the guard band between the frequency bands needed for the conventional radio commu- 
nications systems. 

[0010] Generally, the mobile station in the radio communications system has a function to terminate its communi- 
cation when communication quality is degraded. Hence, the frequencies can be effective by used by only adding to the 
base station a function of transmitting an interfering signal, without adding any special control function. 
[001 1] The transmission of the interfering signal from the base station can be carried out by utilizing leakage power 
or by equipping an interfering signal transmitter. 

[0012] The base station may comprise a receiver for measuring a received signal level at the adjacent frequency; 
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and transmit the interfering signal at the adjacent frequency only when the uplink received signal level exceeds an 
acceptable level. 

[0013] With such a configuration, since the base station performs its transmission at the adjacent frequency only 
when necessary, the downlink interference to the adjacent radio communications system is reduced. 
5 [001 4] Furthermore, since the base station monitors directly the frequency band causing the interference, the accu- 
racy of the estimation of the interference is improved. As a result, the possibility of undue termination of the communi- 
cation, or the possibility of causing large interference is reduced. 

[001 5] The base station can measure the uplink interference level at the receiving frequency band, and transmit the 
interfering signal at the adjacent frequency only when the uplink interference level exceeds an acceptable level. 

10 [001 6J This configuration can reduce the downlink interference to the radio communications system using the adja- 
cent frequency because the base station carries out its transmission at the adjacent frequency only when necessary, 
and can obviate the necessity of providing the base station with any additional receiver because the base station makes 
a decision as to whether to start or terminate the transmission of the interfering signal by measuring the interference 
level at the frequency assigned to the base station. 

15 [001 7] According to a second aspect of the present invention, there is provided a mobile station in an entire radio 
communications system containing at least two radio communications systems in one geographical area, each of which 
includes at least one base station and at least one mobile station, and uses different frequencies, in which a mobile sta- 
tion belongs to one of the radio communications systems in a communication mode, and cannot change that radio com- 
munications system during the communication mode, wherein the mobile station measures a received signal level of a 

20 received signal at a frequency adjacent to its own assigned frequency, and halts its transmission when the received sig- 
nal level exceeds an acceptable level. 

[0018] This configuration can prevent the downlink interference from being increased because the base station 
does not transmit any interfering signal. 

[0019] In addition, since the mobile station measures the level of the adjacent frequency in a straightforward man- 
25 ner, the accuracy of estimating the effect of the interference increases, and the possibility of unduly terminating the 
communication is reduced. 

[0020] The mobile station can comprise a receiver for measuring a received signal level at the adjacent frequency, 
and terminate its transmission when the received signal level exceeds an acceptable level. 

[0021] The mobile station can also measure the received signal level at an adjacent frequency by switching its 
30 receiving frequency when reception is not required in a standby mode or communication mode, and halt its transmis- 
sion when the received signal level exceeds the acceptable level. 

[0022] This configuration can obviate the receiver for measuring the received signal level at the adjacent frequency, 
making it possible to reduce the size of the mobile station. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Fig. 1 is a diagram illustrating leakage power from an assigned frequency to outside frequencies in a conventional 
40 system; 

Fig. 2 is a diagram illustrating an example in which leakage power provides an adjacent frequency with large inter- 
ference power in the conventional system; 

Fig. 3 is a diagram illustrating a guard band between two radio communications systems in the conventional sys- 
tem; 

45 Fig. 4 is a diagram showing an overall configuration of the radio communications system in accordance with the 

present invention; 

Fig. 5 is a diagram illustrating frequencies assigned to base stations of Fig. 4; 

Fig. 6 is a block diagram showing a configuration of a base station in accordance with the present invention; 
Fig. 7 is a block diagram showing a configuration of a mobile station in accordance with the present invention; 
so Fig. 8 is a diagram showing an example of interference of interest; 

Fig. 9 is a diagram illustrating leakage power to a receiving frequency band of the base station; 

Fig. 10 is a graph illustrating relationships between the size and power consumption of a mobile station and the 

leakage power to an adjacent frequency; 

Fig. 11 is a diagram illustrating received power and interference power in the mobile station; 
55 Fig. 12 is a block diagram showing a configuration of the base station in accordance with the present invention, 
which can generate and transmit noise; 

Fig. 13 is a block diagram showing a configuration of the base station in accordance with the present invention, 
which can measure the received signal level at the adjacent frequency; 
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Fig. 14 is a block diagram showing a configuration of the base station in accordance with the present invention, 
which can estimate the received signal level of the adjacent frequency; 
Fig. 15 is a diagram illustrating uplink interference; 

Fig. 16 is a diagram illustrating leakage power from the base station to the receiving frequency band of the mobile 
5 station; 

Fig. 17 is a block diagram showing a configuration of the mobile station in accordance with the present invention, 
which can measure the received signal level of the adjacent frequency; and 

Fig. 18 is a block diagram showing another conf iguration of the mobile station in accordance with the present inven- 
tion, which can measure the received signal level of the adjacent frequency. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] The embodiments of the present invention will now be described with reference to the accompanying draw- 
ings. 

15 

(Configuration of Radio Communications System] 

[0025] First, a radio communications system in accordance with the present invention will be described with refer- 
ence to Figs. 4-7. 

20 [0026] Fig. 4 shows the overall configuration of the radio communications system in accordance with the present 
invention. In Fig. 4, a base station 412 and a mobile station 414 belong to a first radio communications system 410, and 
a base station 422 belongs to a second radio communications system 420. Service areas 418 and 428 of the first radio 
communications system 410 and second radio communications system 420 overlap each other. The mobile station 414 
cannot change its belonging from the first radio communications system 410 to the second radio communications sys- 

25 tern 420 during its communication. 

[0027] Fig. 5 illustrates transmission frequencies and receiving frequencies assigned to the base station 412 and 
base station 422. As illustrated in Fig. 5. adjacent transmission frequencies and adjacent receiving frequencies are 
allotted to the base station 412 and base station 422. 

[0028] Fig. 6 shows an embodiment of a base station in accordance with the present invention. The base station 
so has a function to pass on communication signals between mobile stations and a communications network, and is con- 
nected to the mobile stations by radio channels. An antenna 610 receives a radio signal transmitted by a mobile station, 
and transmits a radio signal to the mobile station. A duplexing unit 620, which is a directional coupler for sharing the 
antenna 610 between transmission and reception, has a transmission filter and a reception filter of the radio frequen- 
cies as illustrated in Fig. 5. Reference numerals 630 and 640 designate a transmitter and a receiver, respectively. A 
35 baseband processor 650 processes signals from a communications network 660 such as a public network and radio 
signals sent from mobile stations. The transmitter 630 comprises a modulator 631, a mixer 632, an intermediate fre- 
quency (IF) oscillator 633, a bandpass filter (BPF) 634, a mixer 635, a radio frequency (RF) oscillator 636 and a trans- 
mitting amplifier 637. The receiver 640 comprises a demodulator 641, a mixer 642, an intermediate frequency (IF) 
oscillator 643, a bandpass filter (BPF) 644, a mixer 645, a radio frequency (RF) oscillator 646 and a receiving amplifier 
40 647. 

[0029] The processing in the base station as shown in Fig. 6 will now be described to the point where a signal from 
the communications network is transmitted to the mobile station. The signal transmitted through the communication 
network is converted by the conventional baseband processor 650 into a baseband signal to be transmitted to the 
mobile station (see, T. Dohi, et al., "Further Results on Field Experiments of Coherent Wideband DS-CDMA Mobile 

45 Radio", IEICE Trans. Commun., Vol. E81-B, No. 6 June, 1998). Besides, the baseband processor 650 adds a control 
signal or performs error correcting code processing as needed. The baseband signal undergoes digital modulation by 
the modulator 631, and then converted into an IF signal by the IF oscillator 633, followed by the attenuation of signals 
outside the transmission band by the BPF 634, and by the conversion into a radio frequency signal by the RF oscillator 
636. After that, the signal is amplified by the transmitting amplifier 637, and is transmitted through the duplexing unit 

so 620 and antenna 610. 

[0030] Next, the processing will be described up to the point where a signal from the mobile station is transmitted 
to the communications network. The radio signal received by the antenna 610 is fed to the duplexing unit 620 which 
selects only the desired receiving frequency. After amplified by the receiving amplifier 647, the received signal is con- 
verted into an IF signal by the RF oscillator 646. followed by the attenuation of frequencies outside the desired fre- 
55 quency by the BPF 644. Subsequently, the signal is converted by the IF oscillator 643 into a baseband signal, and then 
undergoes the digital demodulation by the demodulator 641 . After carrying out the error correcting decoding processing 
and extraction of the control signal, the baseband processor 650 converts the signal into a signal to be transmitted to 
the communications network, and sends the signal to the communications network 660. 
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[0031] Fig. 7 is an embodiment of the mobile station in accordance with the present invention. An antenna 710 
receives a radio signal transmitted by the base station, and transmits a radio signal to the base station. A duplexing unit 
720 is a directional coupler for sharing the antenna 710 between transmission and reception. Reference numerals 730 
and 740 designate a transmitter and a receiver, respectively. A baseband processor 750 is a conventional unit that proc- 

5 esses a signal from terminal equipment 760 and a radio signal that is sent from the base station and received by the 
receiver 740. The transmitter 730 comprises a modulator 731, a mixer 732, an intermediate frequency (IF) oscillator 
733, a bandpass filter (BPF) 734, a mixer 735, a radio frequency (RF) oscillator 736 and a transmitting amplifier 737. 
The receiver 740 comprises a demodulator 741 , a mixer 742, an intermediate frequency (IF) oscillator 743, a bandpass 
filter (BPF) 744, a mixer 745, a radio frequency (RF) oscillator 746 and a receiving amplifier 747. As easily seen, the 

to configuration is nearly the same as that of the base station as shown in Fig. 6 except that the terminal equipment 760 
is connected instead of the communications network. 

[0032] As an example of the terminal equipment 760. there is a handset which comprises a speaker, a microphone 
and a voice codec processor. It has a function that produces sound from the speaker by converting the digital signal 
from the baseband processor 750 into voice, and a function that converts the voice input from the microphone into a 
is digital signal, and supplies it to the baseband processor 750. 

[0033] Because the operation of the mobile station is similar to that of the base station as shown in Fig. 6, the 
description of the signal processing by the mobile station will be omitted here. 

[Embodiment 1] 

20 

[0034] An embodiment 1 can handle a problem of interference to the receiving frequency of the base station 422, 
which is caused by the leakage power of the mobile station 414 to the adjacent frequency as illustrated in Fig. 4. Here, 
an example to which CDMA is applied as a communication scheme will be described. An example of interference is 
illustrated in Figs. 8 and 9. 

25 [0035] In Fig. 8, the base station 412 communicates with the mobile station 41 4 as in Fig. 2. At the same time, using 
a frequency adjacent to the frequency assigned to that communication, the base station 422 carries out its communi- 
cation. 

[0036] Fig. 9 illustrates an example of the leakage power to the adjacent frequency during the transmission by the 
mobile station 414. In the example as illustrated in Fig. 9, the power attenuated by 40dB from the transmission power 

30 at the transmission frequency of the mobile station 414 appears in the receiving frequency of the base station 422. 
[0037] The leakage power level is mainly determined by the distortion characteristics of the transmitting amplifier 
737, transmission filter characteristics in the duplexing unit 720 and the characteristics of the BPF 734. However, as 
illustrated in Fig. 10, the size and power consumption of the mobile station is inversely proportional to the leakage 
power to the adjacent frequency. Thus, the leakage power to the adjacent frequency must be allowed to some extent to 

35 reduce the size and power consumption of the mobile station. 

[0038] Let us assume in the example as shown in Fig. 8 that the processing gain = 20 dB, and interference power 
at the base station 412 is -105 dBm. The received power at the base station 412 from the mobile station 414 can be 
obtained by subtracting the propagation loss (145 dB) from the transmission power (30 dBm), which results in -115 
dBm. Thus, the received SIR (Signal to Interference power Ratio) is -1 15 dBm - (-105 dBm - 20 dBm) = 10 dB. On the 

40 other hand, the leakage power to the adjacent frequency caused by the transmission by the mobile station 414 is 30 
dBm - 40 dBm = -10 dBm. On the basis of this, and considering the propagation loss of 80 dBm (since the mobile station 
414 is closer to the base station 422 than to the base station 412, the propagation loss to the base station 422 is less), 
the interference power at the base station 422 is -90 dBm. Because the value is greater than the interference power (- 
105 dBm) of the base station 412 by 15 dBm, a mobile station linked with the base station 422 must increase its trans- 

45 mission power by that amount. Thus, some of the mobile stations linked to the base station 422, which carry out their 
communications at transmission power close to the maximum transmission power, will suffer the influence of the inter- 
ference from the mobile station 414, which causes the degradation in communication quality and disconnection of the 
communications. 

[0039] To avoid such interference, the present embodiment halts the transmission from the mobile station 414. The 
so radio communications system has a function to disconnect the radio channel when a bad reception quality continues. 
For example, in the configuration of the mobile station as shown in Fig. 7, the baseband processor 750 continuously 
measures an error rate by detecting errors in the received signal, and makes a decision that the reception quality falls 
below a threshold level when the error rate exceeds a predetermined level, thereby halting the communication (discon- 
nect the channel, for example). Alternatively, the demodulator 741 in Fig. 7 measures the received SIR so as to hart the 
55 communication when the received SIR falls below a threshold level. The conventional radio communications system 
usually has a function to monitor the reception quality and halt the communication. The present invention can utilize the 
function to stop the transmission of the mobile station 414. The operation of the present embodiment 1 will now be 
described with reference to Fig. 11. 
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[0040] In Fig. 1 1 , the mobile station 414 provides the base station 422 with interference as in Fig. 8, in which case, 
the base station 422 transmits an interfering signal to the receiving frequency of the mobile station 414. Assume that 
the transmission power from the base station 41 2 to the mobile station 41 4 is 30 dBm, the processing gain = 20 dB and 
the interference power at the mobile station 414 is - 105 dBm. Then, the received SIR at the mobile station 414 is cal- 
culated as -115 dBm - (-105 dBm - 20dBm) = 10 dBm. Let us further assume that the maximum transmission power 
from the base station 412 to the mobile station 414 is 35 dBm, and the communication is disconnected when the 
received SIR at the mobile station 414 is equal to or less than 3 dBm, in which case, the base station 422 transmits the 
interfering signal to the receiving frequency of the mobile station 414. 

[0041] When the base station 422 transmits the interfering signal of -10 dBm, for example, the interference power 
at the mobile station 414 increases by -90 dBm, and the received SIR becomes equal to or less than -5 dBm. Even if 
the base station 412 increases its transmission power to the maximum transmission power, the received SIR is equal 
to or less than 0 dBm, and hence the communication is halted. Thus, the interference from the mobile station 414 to the 
base station 422 is halted, ensuring the reception quality at the base station 422. 

[0042] A configuration for transmitting the interfering signal from the base station will now be described. As 
described before, the leakage power to the adjacent frequencies is inversely proportional to size of the device. Because 
the requirement for the size of the base station is less severe than that for the mobile station, the size of the base station 
is accepted to some extent to limit the leakage power to the adjacent frequency to a low level. In the present embodi- 
ment 1, however, the base station must send the interfering signal to the adjacent frequency. Accordingly, in the base 
station as shown in Fig. 6, the distortion characteristic of the transmitting amplifier 637, the transmission filter charac- 
teristic in the duplexing unit 620 and the characteristic of the BPF 634 are varied so that the required interfering signal 
can be transmitted at the adjacent frequency. 

[0043] In this way, in the present embodiment 1 , the base station continuously transmits the leakage power, which 
is proportional to the transmission power at the frequency assigned to the base station, at the receiving frequency of 
the adjacent mobile station (adjacent frequency). 

[Embodiment 2] 

[0044] In the embodiment 1, the base station continuously transmits, at the receiving frequency of the adjacent 
mobile station, the leakage power of the level as described above. A simple configuration is shown in Fig. 12 for trans- 
mitting a desired level of power to provide the interference to the receiving frequency of the adjacent mobile station. In 
Fig. 12, a transmitter 800 is added to the configuration of the base station as shown in Fig. 6. This makes it possible for 
the base station to transmit a radio signal with an appropriate magnitude to provide the interference to the receiving fre- 
quency band of the adjacent mobile station independently of the transmission power of its frequency. In Fig. 12, the like 
portions to those of Fig. 6 are designated by the same reference numerals. 

[0045] In Fig. 12, the transmitter 800 comprises a noise generator 810, a mixer 812 and a bandpass filter 814. The 
mixer 812 converts the noise generated by the noise generator 810 to an IF signal using a signal fed from an IF oscil- 
lator 633'. The IF oscillator 633* can also oscillate the frequency which deviates by the difference between the frequency 
assigned to the base station and the receiving frequency of the adjacent mobile station (that is, the difference between 
the transmission frequencies of the base stations 422 and 412 in Fig. 5). Therefore, the passband of the BPF 814 is 
deviated from that of the BPF 634 by that amount. The output of the BPF 814 is converted through the mixer 635 and 
RF oscillator 636 into a signal with the receiving frequency of the adjacent mobile station, and is transmitted through 
the transmitting amplifier 637, duplexing unit 620 and the antenna 610. The transmitting amplifier 637 and the transmis- 
sion filter in the duplexing unit 620 have characteristics that can transmit the adjacent frequency as described in the 
embodiment 1. 

[0046] Thus providing the base station with the second transmitter 800 makes it easier for the base station to trans- 
mit at the receiving frequency of the adjacent frequency the interfering signal with an appropriate magnitude for halting 
the transmission by providing the interference to the mobile station. 

[Embodiment 3] 

[0047] In the embodiments 1 and 2, the base station continuously transmits the interfering signal of a certain mag- 
nitude at the receiving frequency of the adjacent mobile station. In contrast with this, in the present embodiment 3 as 
shown in Fig. 13, the base station transmits the interfering signal at the receiving frequency of the adjacent mobile sta- 
tion as necessary. 

[0048] Fig. 13 shows a base station corresponding to the base station as shown in Fig. 12 plus a level measuring 
receiver 920 for measuring the level of the received signal at the adjacent frequency. In Fig. 13, like portions to those of 
Fig. 12 are designated by the same reference numerals. 

[0049] In Fig. 1 3, a bandpass filter (BPF) 922 of the level measuring receiver 920 is supplied with the received sig- 
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nal converted into the IF frequency by the RF oscillator 646 and mixer 645, and extracts a signal of the adjacent fre- 
quency. The signal is converted into a baseband signal using an IF oscillator 643* and a mixer 924. The IF oscillator 
643' can also generate the frequency deviated by an amount corresponding to the adjacent frequency. A demodulator 
926 demodulates the output of the mixer 924 and measures its level. A level decision section 928 compares the level 

5 with a predetermined level. When it is found as a result of the comparison that the level of the received signal at the 
adjacent frequency is higher than the predetermined level, the transmitter 800 is activated. Thus, the transmitter 800 
transmits the interfering signal of the appropriate level to the adjacent frequency band as described before. 
[0050] Assume in Fig. 1 3 that the leakage power to the adjacent frequency is lower than the transmission power by 
40 dB during the transmission of the mobile station, then, the interference power which is lower by 40 dB than the 

w received signal level at the adjacent frequency, is added to the signal at the receiving frequency. Therefore, if the 
acceptable level of the interference power from the adjacent frequency in the base station is -100 dBm, the base station 
starts to transmit from the transmitter 800 the interfering signal to the adjacent frequency when the level measuring 
receiver 920 makes a decision that the received signal level of the radio communications system exceeds -60 dBm. The 
interference cause by the interfering signal transmitted halts the communication of the mobile station at the adjacent 

is frequency, thereby reducing the interference power from the adjacent frequency. 

[Embodiment 4] 

[0051 ] Although the base station has the receiver for measuring the received signal level of the adjacent frequency 
20 in the embodiment 3, the present embodiment 4 as shown in Fig. 14 can estimate the interference level without install- 
ing such level measuring receiver. 

[0052] The base station of the present embodiment 4 is configured as shown in Fig. 14, in which like portions to 
those of Fig. 12 are designated by the same reference numerals. In Fig. 14, the demodulator 641 measures the inter- 
ference level. The interference level measured undergoes the level decision by a level decision section 928' as will be 
25 described below. If it is found as a result of the level decision that the interference takes place from the mobile station 
using the adjacent frequency, the base station activates the transmitter 800 to start the transmission of the interfering 
signal at the adjacent frequency, thereby halting the transmission of the mobile station causing the interference. This 
will be described in more detail with reference to Fig. 15. 

[0053] In Fig. 15, the base station 422 conducts communications with mobile stations 424, 426 and 428. To reduce 
30 the interference in the CDMA radio communications system, the transmission power control is carried out such that the 
received signal level at the base station does not exceed a certain level. For example, let us assume that the total 
received signal level at the base station 422 is controlled such that it is limited up to the thermal noise level plus 10 dB. 
Thus, rf the measured result of the interference level exceeds the thermal noise level plus 10 dB, the interference from 
another radio communications system is expected. For example, when the mobile station 414 belonging to another 
35 radio communications system causes large interference to the base station 422, the interference level at the base sta- 
tion 422 will exceed the thermal noise level plus 10 dB. Accordingly, using the +10 dB as the reference of the level deci- 
sion, the leakage power from the mobile station using the adjacent frequency can be estimated. 
[0054] By thus measuring the interference level, the base station 422 can transmit the interfering signal to the adja- 
cent frequency. In response to the interference, the mobile station 414 halts its transmission at the adjacent frequency. 
40 As a result, the interference power from the adjacent frequency is reduced. 

[Embodiment 5] 

[0055] In the foregoing embodiments 1-4, the interfering signal generated by the base station halts the transmission 
45 of the mobile station that conducts its communication using the adjacent frequency. In contrast with this, in the present 
embodiment 5, the mobile station detects that it provides interference to the base station carrying out communication 
at the adjacent frequency, and halts its transmission. 

[0056] In the states as shown in Figs. 8 and 1 1 , the mobile station 414 causes large interference to the base station 
422. Assume that the leakage power from the base station 422 to the receiving frequency of the mobile station 414 is 
so as shown in Fig. 1 6, and that the total transmission power of the base station 422 is 40 dBm. Then, the received signal 
level of the mobile station 414 at the adjacent frequency is -100 dBm (= 40 dBm - 60 dBm - 80 dBm) taking account of 
the propagation loss of 80 dB. Accordingly, when the acceptable interference level is -1 10 dBm, for example, the mobile 
station 414 must halt its transmission. 

[0057] The acceptable interference level MS_LEV at the adjacent frequency measured by the mobile station can 
55 be determined as follows. 

MS_LEV = BS_POW - BS_ATT + BS_LEV + MS_ATT - MS_POW (1) 
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where 

MSJLEV: Acceptable level of interference at adjacent frequency measured by mobile station; 
BS_POW: Total transmission power of base station; 
5 BS_ATT: Attenuation amount of adjacent frequency leakage power with respect to base station transmission power 

(>0); 

BS_LEV: Acceptable level of interference from adjacent frequency at base station; 

MS_ATT: Attenuation amount of adjacent frequency leakage power with respect to mobile station transmission 
power (> 0); and 
io MS_POW: Transmission power of mobile station. 

[0058] Thus determining the MS_LEV enables the mobile station to estimate from the received signal level of the 
adjacent frequency measured by the mobile station the interference level at the base station' and to make a decision 
on halting its transmission. 

15 [0059] An example is shown in Fig. 17 in which the mobile station measures the received signal level of the adja- 
cent frequency. In Fig. 17, like portions to those of Fig. 7 are designated by the same reference numerals. 
[0060] In Fig. 1 7, the received signal converted into the IF signal by the RF oscillator 746 and mixer 745 is supplied 
to an adjacent frequency receiver 930. The adjacent frequency receiver 930 extracts the signal of the adjacent fre- 
quency using a bandpass filter 932, an IF oscillator 743* and a mixer 934. The signal is supplied to a demodulator 936 

20 to measure its level, and a level decision section 938 carries out the level decision described above. The decision output 
is supplied to the baseband processor 750 which makes a decision from the decision result as to whether to halt the 
transmission from the mobile station or not. 

[0061] The configuration makes it possible to reduce the interference to the base station caused by the leakage 
power from the mobile station using the adjacent frequency. 

25 

[Embodiment 6] 

[0062] In the present embodiment 6 as shown in Fig. 1 8, the mobile station estimates the interference to the base 
station communicating at the adjacent frequency band, and halts its transmission as in the embodiment 5. Although it 

30 is necessary for the mobile station in the embodiment 5 to comprise the receiver for receiving the adjacent frequency 
signal, the mobile station in the present embodiment 6 receives the adjacent frequency signal when no reception is nec- 
essary in the standby mode or in the communication mode, and estimates the interference to the base station by the 
mobile station itself. In Fig. 18, like portions to those of Fig. 7 are designated by the same reference numerals. 
[0063] In the mobile station as shown in Fig. 18, the baseband processor 750' commands, when no reception is 

35 required in the standby mode or in the communication mode, the bandpass filter 744' to change the passband fre- 
quency and the IF oscillator 743" to change its oscillation frequency, thereby changing the receiving frequency of the 
mobile station from its assigned frequency to the adjacent frequency. The demodulator 741 measures the received sig- 
nal level of the adjacent frequency signal received, and supplies it to the baseband processor 750' which makes a deci- 
sion on whether to halt the transmission from the mobile station or not in response to the measured result. 

40 [0064] Although the present invention is explained by way of example of avoiding the interference between the two 
radio communications systems in the foregoing embodiments 1 -6, the present invention can also be applied to the case 
where three or more radio communications systems intermingle in the same area. Furthermore, the present invention 
is applicable to the case where a single radio communications system includes micro-cell layer and macro-cell layer 
which use different frequencies, and cannot conduct handover (switching of a radio channel during communication) 

45 between a micro-cell and a macro-cell, in order to avoid the interference between the micro-cell and macro-cell. 

INDUSTRIAL APPLICABILITY 

[0065] As described above, according to the present invention, to suppress the uplink interference from a mobile 
so station in an externa! system when two or more radio communications systems intermingle in the same area, the trans- 
mission from the mobile station causing the interference can be halted. 

[0066] Thus, according to the present invention, the interference from the mobile station in the external system can 
be prevented without providing the guard bands, which can increase the frequency utility efficiency without degrading 
the communication quality. 

55 

Claims 

1 . An entire radio communications system containing at least two radio communications systems in one geographical 
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area, each of which includes at least one base station and at least one mobile station, and uses different frequen- 
cies, in which a mobile station belongs to one of the radio communications systems in a communication mode, and 
cannot change that radio communications system during the communication mode, wherein 

5 said base station comprises means for intentionally transmitting an interfering signal at a frequency different 

from a frequency assigned to the base station; and 

said mobile station comprises means for monitoring received signal quality of a downlink channel, and means 
for halting its transmission when the received signal quality monitored drops below an acceptable level. 

w 2. The entire radio communications system as claimed in claim 1 , characterized in that the frequency different from 
the assigned frequency is a frequency adjacent to the assigned frequency. 

3. The entire radio communications system as claimed in claim 2, characterized in that fhe transmission of the inter- 
fering signal from said base station is carried out by utilizing leakage power. 

75 

4. The radio communications system as claimed in claim 2, characterized in that said base station comprises an inter- 
fering signal transmitter for transmitting the interfering signal from said base station. 

5. The radio communications system as claimed in claim 2 or 4, characterized in that said base station comprises: 

20 

a receiver for measuring a received signal level of an uplink channel at the adjacent frequency; and 

means for transmitting the interfering signal at the adjacent frequency only when the received signal level of 

the uplink channel exceeds an acceptable level. 

25 6. The radio communications system as claimed in claim 2 or 4, characterized in that said base station comprises: 

means for measuring an uplink interference level to the assigned frequency band; and 

means for transmitting the interfering signal at the adjacent frequency only when the interference level exceeds 

an acceptable level. 

30 

7. A base station in an entire radio communications system containing at least two radio communications systems in 
one geographical area, each of which includes at least one base station and at least one mobile station, and uses 
different frequencies, in which a mobile station belongs to one of the radio communications systems in a commu- 
nication mode, and cannot change that radio communications system during the communication mode, and the 

35 mobile station monitors received signal quality of a downlink channel, and halts its transmission when the received 
signal quality drops below an acceptable level, said base station intentionally transmitting an interfering signal at a 
frequency different from a frequency assigned to the base station. 

8. The base station as claimed in claim 7, characterized in that the frequency different from the assigned frequency 
40 is a frequency adjacent to the assigned frequency. 

9. An entire radio communications system containing at least two radio communications systems in one geographical 
area, each of which includes at least one base station and at least one mobile station, and uses different frequen- 
cies, in which a mobile station belongs to one of the radio communications systems in a communication mode, and 

45 cannot change that radio communications system during the communication mode, wherein said mobile station 
comprises: 

means for measuring a received signal level of a received signal at a frequency adjacent to its own assigned 
frequency; and 

so means for halting its transmission when the received signal level exceeds an acceptable level. 

10. A mobile station in a radio communications system containing at least two radio communications systems in one 
geographical area, each of which includes at least one base station and at least one mobile station, and uses dif- 
ferent frequencies, in which a mobile station belongs to one of the radio communications systems in a communica- 

55 tion mode, and cannot change that radio communications system during the communication mode, said mobile 
station characterized by comprising: 

means for measuring a received signal level of a received signal at a frequency adjacent to its own assigned 



9 

BNSDOCID: <EP 1005181A1_I_> 



EP1 005 181 A1 

frequency; and 

means for halting its transmission when the received signal level exceeds an acceptable level. 

11. The mobile station as claimed in claim 10, further characterized by comprising: 

5 

means for measuring the received signal level at the adjacent frequency by switching a frequency during a 
period in which no reception is required in a standby mode and in the communication mode; and 
means for halting its transmission when the received signal level exceeds the acceptable level. 

12. An interference avoidance method for avoiding interference between at least two radio communications systems 
belonging to the same area, each of which radio communications systems includes at least one base station and 
at least one mobile station, and uses different frequencies, in which a mobile station belongs to one of the radio 
communications systems in a communication mode, and cannot change that radio communications system during 
the communication mode, wherein 

said base station intentionally transmits an interfering signal at a frequency different from a frequency assigned 
to the base station; and 

said mobile station monitors received signal quality of a downlink channel, and harts its transmission when the 
received signal quality drops below an acceptable level. 

13. The interference avoidance method as claimed in claim 12, characterized in that the frequency different from the 
assigned frequency is a frequency adjacent to the assigned frequency. 

14. An interference avoidance method for avoiding interference between at least two radio communications systems 
25 belonging to the same area, each of which radio communications systems includes at least one base station and 

at least one mobile station, and uses different frequencies, in which a mobile station belongs to one of the radio 
communications systems in a communication mode, and cannot change that radio communications system during 
the communication mode, wherein 

30 said mobile station measures a received signal level of a signal received at a frequency adjacent to its own 

assigned frequency, and halts its transmission when the received signal level exceeds an acceptable level. 
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